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Abstract
Background Chewing gum as a form of sham feeding is an inexpensive and well-tolerated means of promoting gastrointestinal
motility following major abdominal surgery. Although recognised by the Enhanced Recovery After Surgery (ERAS) Society as
one of the multimodal approaches to expedite recovery after surgery, strong evidence to support its use in routine postoperative
practice is lacking.
Methodology A comprehensive literature review of all randomised controlled trials (RCTs) was performed in the Medline and
Embase databases between 2000 and 2019. Studies were selected to compare the use of chewing gum versus standard care in the
management of postoperative ileus (POI) in adults undergoing colorectal surgery. The primary outcome assessed was the
incidence of POI. Secondary outcomes included time to passage of flatus, time to defecation, total length of hospital stay and
mortality.
Results Sixteen RCTs were included in the systematic review, of which ten (970 patients) were included in the meta-analysis. The
incidence of POI was significantly reduced in patients utilising chewing gum compared to those having standard care (RR 0.55,
95%CI 0.39, 0.79, p = 0.0009). These patients also had a significant reduction in time to passage of flatus (WMD − 0.31, 95% CI
− 0.36, − 0.26, p < 0.00001) and time to defecation (WMD − 0.47, 95% CI − 0.60, − 0.34, p < 0.00001), without significant
differences in the total length of hospital stay or mortality.
Conclusion The use of chewing gum after colorectal surgery is a safe and effective intervention in reducing the incidence of POI
and merits routine use alongside other ERAS pathways in the postoperative setting.
Keywords Sham feeding . Chewing gum . Postoperative ileus . Colorectal surgery
Introduction
Postoperative ileus (POI) is the temporary inhibition of gas-
trointestinal motility due to non-mechanical causes. Occurring
after abdominal surgery, particularly after handling the bowel,
it may result in nausea, vomiting and anorexia.1 Despite the
lack of standard clinical definitions, the incidence of POI is
reported to occur in up to 1 in 4 patients who have undergone
gastrointestinal surgery making POI arguably the most fre-
quent complication following digestive surgery.2, 3 Its sequel-
ae include malnutrition, dehydration, electrolyte imbalance
and aspiration pneumonia. POI poses a significant socioeco-
nomic impact by prolonging hospital stay by asmuch as 5 days
per patient and costing a staggering sum of 1.46 billion USD
per annum to the health economy.3, 4 Surprisingly, not much
progress has been made over the years in reducing its inci-
dence and consequences.
This paper was presented at the Society of Academic and Research
Surgery and Royal Society of Medicine 2019 meeting. The meeting
abstract was published in the British Journal of Surgery (https://doi.org/
10.1002/bjs.2019.106.issue-S3)
Farah Roslan and Anisa Kushairi are joint first authors.
* Alfred Adiamah
Alfred.adiamah@nuh.nhs.uk
1 Gastrointestinal Surgery, Nottingham Digestive Diseases Centre and
National Institute for Health Research (NIHR) Nottingham
Biomedical Research Centre, Nottingham University Hospitals NHS
Trust and University of Nottingham, Queen’s Medical Centre
Campus, Derby Road, Nottingham NG7 2UH, UK
2 East Midlands Surgical Academic Network (EMSAN), Queen’s
Medical Centre Campus, Derby Road, Nottingham NG7 2UH, UK
Journal of Gastrointestinal Surgery
https://doi.org/10.1007/s11605-019-04507-3
The underlying mechanism of POI remains elusive; postu-
lated as ensuing from surgical manipulation, intestinal oede-
ma, electrolyte imbalance and medication such as opioids.5
The avoidance and management of risk factors can best be
realised by application of multimodal pathways incorporating
minimally invasive surgery, a stringent fluid regimen, the use
of modern opioid-sparing pain strategies and early
mobilisation.5, 6
Chewing gum, alongside other multipronged approaches
recognised by the Enhanced Recovery After Surgery
(ERAS) Society,7 is thought to simulate sham feeding which
may stimulate gastrointestinal recovery postoperatively by the
activation of the cephalic-vagal axis.6, 8, 9 This approach in
sham feeding, is thought to encourage or initiate the processes
involved in gut recovery without actually challenging the gut
with food. Although early enteral feeding is recommended
and widely practiced in the era of enhanced recovery, an esti-
mated 20% of patients are unable to tolerate oral intake after
the first postoperative day.10, 11 Additionally, many practi-
tioners are reluctant to institute early feeding in some cases
due to fears over safety and potential complications.12 Sham
feeding could therefore be considered a safer alternative to
early enteral nutrition in reducing POI.
Despite ERAS Society guidelines recommending the use
of postoperative chewing gum to reduce POI, existing litera-
ture including a 2015 Cochrane review13 have been
inconclusive in providing sufficient evidence for its use.
Poor quality trials with small patient numbers, variation in
the definition of POI, diverse perioperative care settings and
heterogeneity in the operative procedures studied may all be
contributing to the inconsistent evidence seen.
The aim of this meta-analysis is, therefore, to provide a
valid and up-to-date summary of relevant high-quality trials
comparing the impact of chewing-gum compared to standard
care (the use of controls or placebos) in the management of
POI in adults undergoing resectional large bowel surgery with
or without an anastomosis. The primary outcome assessed
Fig. 1 Preferred Reporting Items for Systematic reviews and Meta-
Analysis (PRISMA) flow diagram
Fig. 2 Summary of risk of bias assessment of the included studies
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was the incidence of POI. Secondary outcomes included time
to passage of flatus, time to defecation, total length of hospital
stay and mortality.
Methodology
Search Strategy
A comprehensive literature review of the Medline and
Embase databases was conducted between 2000 and 2019.
Search criteria were used to identify all studies evaluating
the effect of postoperative chewing gum versus either a con-
trol or placebo on POI in patients undergoing open or laparo-
scopic colorectal surgery. The electronic search terms used
were [“chewing gum” OR “sham feeding”] AND [“colorectal
surgery”] AND [“postoperative ileus” OR “paralytic ileus”].
The Scottish Intercollegiate Guidelines Network (SIGN)14 fil-
ter was used to restrict studies to randomised controlled trials
(RCTs). Only studies published in English and those involv-
ing adult patients over 16 years of age were included. Hand
searches of the bibliographies of all included studies were
performed to ensure comprehensive study inclusion. The
meta-analysis was conducted according to the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) statement.15
Selection of Article
Preliminary exclusion was performedmanually following title
and abstract review (FR and AK) and subsequently through
full-text review (AK, FR and AA) as illustrated in Fig. 1.
“Colorectal surgery” included open, laparoscopic, emergency
or elective procedures where the bowel was handled and
resected with or without an anastomosis. Studies which in-
volved patients primarily undergoing day-case or non-
colorectal operations (upper gastrointestinal, hepatobiliary,
bariatric, gynaecological, urological or vascular) were exclud-
ed, as were studies which did not report on any relevant clin-
ical outcome measures, and studies where both patient groups
received chewing gum. All except one study16 which reported
on outcomes following mixed gastrointestinal surgery were
excluded; this study was retained as colorectal and non-
colorectal data were reported separately.16
Data Extraction
Two independent authors (FR and AK) extracted data from
the included studies according to predefined criteria. All RCTs
were assessed for methodology, study design, inclusion and
exclusion criteria, and outcome measures. Studies which pre-
sented their data as ‘median and range’ values were converted
to ‘means and standard deviation (SD)’ data using theTa
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methods described by Hozo et al. and Wan et al. enabling all
relevant data to be included in quantitative synthesis.17, 18
The methodological quality of each RCT was recorded
for methods of randomisation, blinding, protocol violation
and allocation concealment. All studies were scored using
the Jadad scale.19 Any disagreement was resolved by con-
sensus discussions with the senior member of the review
team (AA). Data collected included type of surgery, exe-
cution of intervention and control measures, measured
outcomes and statistically significant differences
pertaining to chewing gum.
A risk of bias assessment was performed (PD, FR and
AK) using the Cochrane Collaboration tool in RevMan
5.3,20 which focuses upon random sequence generation
(selection bias), allocation concealment (selection bias),
blinding of participants and personnel (performance bi-
as), blinding of outcome assessment (detection bias), in-
complete outcome data (attrition bias) and selective
reporting (reporting bias). Each study was ranked as
low, moderate or high risk of bias based on these criteria
(Fig. 2).
Statistical Analysis
Effect sizes for dichotomous outcomes were reported as
risk ratio (RR) with 95% confidence intervals (CIs) and
as weighted mean difference (WMD) for continuous da-
ta. Only studies of low to moderate risk of bias were
included in quantitative pooling. Given the variability in
the operative interventions, the different approaches
(open versus laparoscopic) and the timings of chewing
gum administration, it was decided a priori that a ran-
dom effects model would be most appropriate for this
meta-analysis.
Small studies with no power calculation (participant num-
bers less than 20), or those with high risk of bias were exclud-
ed from quantitative analysis to avoid overstating or
understating the treatment effects. Statistical heterogeneity
was assessed by the I2 statistic; threshold values of I2 equal
to 25%, 50% and 75% represent low, moderate and high het-
erogeneity, respectively. These analyses were performed using
RevMan 5.3 software (The Nordic Cochrane Center, The
Cochrane Collaboration, Copenhagen, Denmark).20
Protocol Registration
The study protocol for this meta-analysis was registered
(CRD42018115852) with the PROSPERO database (www.
crd.york.ac.uk/prospero).
Results
Study Quality
All selected studies included patients who underwent colorec-
tal surgery. Table 1 summarises the characteristics of the six-
teen included qualitative studies, ten of which were included
in the quantitative synthesis.21, 23, 25–29, 31–33 A total of 970
patients undergoing colorectal surgery were randomised to
either postoperative chewing gum (n = 481) or routine post-
operative care (n = 489).
Qualitative Analysis
Overall, the findings from the qualitative analyses were mixed
and inconclusive. Qualitative analysis saw no significant dif-
ference in the incidence of POI between the chewing gum and
control groups.12, 26 Four studies saw no difference in time to
passage of flatus in patients who had chewing gum and those
in the control group,10, 16, 21, 22 while three studies found a
significant reduction.12, 24, 30 Qualitative analysis of time to
passage of stool saw no significant differences in three
studies,16, 22, 23 while four studies showed significant reduc-
tions when using chewing gum.10, 12, 24, 30 In terms of length
of hospital stay, two studies showed no significant
reduction,12, 16 while two studies showed a significant reduc-
tion in length of stay.10, 30
Primary Outcome
Incidence of Postoperative Ileus
In total, meta-analysis of four studies revealed 326 patients in
the chewing gum group and 340 patients in the control group
who showed significantly reduced incidence of POI (RR 0.55,
95% CI 0.39, 0.79, p = 0.0009, I2 = 0%) (Fig. 3).21, 31–33 Very
Fig. 3 Incidence of postoperative ileus
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low heterogeneity was observed in reporting the incidence of
POI. The percentage of POI reported was lower in the gum-
chewing arm ranging from 6 to 27%, whereas the control arm
had a higher range between 14 and 48% (Table 3).
Secondary Outcomes
Time to Passage of Flatus
Seven RCTs (482 patients) were included in the quantitative
meta-analysis of time to passage of flatus. Meta-analysis of
236 patients given chewing gum and 246 patients on placebo
treatment showed significantly shorter time to passage of fla-
tus in the chewing gum group (WMD − 0.31, 95% CI − 0.36,
− 0.26, p < 0.00001) (Fig. 4).23, 25–29, 33 Heterogeneity was
low with an I2 value of 17%.
Time to Defecation
Eight RCTs with 886 patients in total were included in the
meta-analysis of time to defecation. Meta-analysis of 391 pa-
tients in the chewing gum group and 395 patients in the con-
trol group showed a significant decrease in time to defecation
(data given in days) in the chewing gum group (WMD − 0.47,
95% CI − 0.60, − 0.34, p < 0.00001) (Fig. 5).21, 23, 25–29, 33
Heterogeneity was moderate at I2 of 55%.
Length of Hospital Stay
Eight RCTs (823 patients) were included in the meta-analysis
of length of hospital stay. Meta-analysis of 405 patients in the
chewing gum group and 418 patients in the control group
showed no significant reduction in length of stay (data pre-
sented in number of days) in the chewing gum group (WMD
− 0.18, 95% CI − 0.92, 0.55, p = 0.28, I2 = 19%) (Fig. 6).21, 23,
25, 27–29, 31, 32
Mortality
Of the 16 included studies, five RCTs (780 patients) reported
findings on patient mortality.21, 26, 28, 31, 32 Meta-analysis of
385 patients in the chewing gum group and 395 patients in the
control group showed no significant difference in mortality
between both groups (RR 2.10, 95% CI 0.51, 8.76, p = 0.59,
I2 = 0%) (Fig. 7).
Discussion
This systematic review of sixteen RCTs, of which tenweremeta-
analysed, comparing the efficacy of postoperative chewing gum
against standard postoperative care demonstrated that chewing
gum played a significant role in reducing the incidence of POI,
time to passage of flatus and time to defecation in patients who
had resectional large bowel surgery with or without an anasto-
mosis. These findings were without any significant changes to
total length of hospital stay or mortality (Fig. 8).
Study Strengths
By selecting RCTs involving only adult patients who had
undergone colorectal surgery meant that this systematic
Fig. 5 Time to defecation
Fig. 4 Time to passage of flatus
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review and meta-analysis achieved a more homogenous
group of patients in which to perform a quantitative anal-
ysis of outcomes. The removal of confounding factors and
exclusion of patients with a smaller likelihood of ileus
such as those undergoing day-case surgery also made
the findings more relevant to the management of patients
undergoing colorectal surgery.
In addition to outcomes explored in previous systemat-
ic reviews, we performed a meta-analysis on the incidence
of POI and mortality. This paper is one of the few sys-
tematic reviews to directly explore the incidence of POI
as the primary endpoint instead of the time to passage of
flatus, which is the more commonly reported outcome in
most RCTs. Our analysis demonstrated a significantly
lower incidence of POI in patients who had chewing
gum compared to patients who did not. In measuring the
time to passage of flatus as the primary outcome, there is
a potential for lack of accuracy in patient self-reporting
and clinician documentation and this may explain the high
heterogeneity and inconclusive findings reported in earlier
meta-analyses.
Quality assessment revealed a wide variation between the
included qualitative studies. A focus on moderate to high
methodological quality studies, and those with a lower risk
of bias was very important in formulating an accurate and
relevant meta-analysis. In this review, we have managed to
perform quantitative analysis of ten such relevant studies,
which has resulted in a significant reduction of heterogeneity
of the outcomes when compared to other meta-analyses on
this topic.
Limitations of Study
The major confounders that may have had an influence on the
study outcomes include the type and duration of colorectal
operations, minor variations of the definition of POI, outcome
reporting and the temporal spread of studies in relation to the
implementation of ERAS. However, after looking into de-
scriptions of what constituted POI in each of the included
studies (Table 2), we found that the four studies which report-
ed on incidence of POI had relatively similar definitions
which would limit the heterogeneity and minimise the poten-
tial for reporting bias.21, 31–33 This is also reflected in the
significant and homogenous outcome of the primary endpoint.
Nevertheless, there were also significant sources of hetero-
geneity amongst the studies including clinical factors such as
the increasing implementation of ERAS protocols, and the
impact of other postoperative complications unrelated to
POI. Other sources of heterogenicity which have been well
documented but difficult to quantify from the studies selected
were non-clinical factors such as social care and occupational
therapy.34, 35 These differences may be due to the geographi-
cal spread of the studies, or variation in operative management
(Table 3).
There was a large variation in the implementation of the
intervention, in particular the duration and frequency of
chewing gum administration in each of the studies. This
ranged from as short as 5 min of chewing 3 times daily, to
as long as 60 min of chewing 3 times daily. One of the studies
did not standardise the duration or frequency of gum chewing
by allowing patients to chew gum to their own liking.31
Fig. 6 Length of hospital stay
Fig. 7 Mortality
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Another limitation of note is the temporal spread of the
studies as perioperative practice has undergone many changes
over the past 16 years and may well have created differences
between the earliest study12 to the most recent study.33
Therefore ‘standard care’ received by patients in the control
arm was probably not standardised between studies. The same
undoubtedly applies for postoperative management algorithms
where there has been a shift towards early resumption of oral
intake, optimisation of fluid management, the selective use of
anaesthesia, and the use of medications to reduce POI such as
Alvimopan. Furthermore, none of the studies utilising ERAS
pathways included an assessment of compliance with their
ERAS standards. This is of significant relevance due to the
positive correlation between compliance with standards and
clinical outcomes. Additionally, given that some studies had
not incorporated ERAS principles, the impact of chewing
gum in a firm setting of enhanced recovery remains undefined.
Finally, one might argue against the effectiveness of
chewing gum in reducing the occurrence of POI, as no signif-
icant reduction in the length of hospital stay was demonstrat-
ed. However, as our findings revealed that neither the time to
passage of flatus nor the time to defecation was reduced by
more than a day with the use of sham feeding with chewing
gum, we did not expect a significant reduction in length of
stay. Moreover, the various non-clinical factors which affect
hospital discharge across different centres, in addition to non-
standardised ERAS protocols would suggest that length of
hospital stay may not be an accurate outcome indicator for
measuring the effectiveness of chewing gum at reducing
POI.36–38 It is therefore difficult to state that because length
of hospital stay was unimproved, the impact of chewing gum
is without merit, as our meta-analysis does demonstrate a sig-
nificant reduction in the reporting of ileus, time to passage of
flatus and time to passage of stool.
Comparison with Other Studies
Our findings follow a similar trend to previous systematic
reviews by Fitzgerald and Sua who found significant
Table 2 Definitions of
postoperative ileus by study Study Definition of postoperative ileus used in study
Asao et al. (2002)12 None
Atkinson et al. (2016)21 Clinical state characterised by nausea, vomiting, abdominal distension and an
inability to pass stools/flatus
Bonventre et al. (2014)16 A transient cessation of coordinated bowel motility after surgical intervention,
which prevents effective transit of intestinal contents and/or tolerance of intake
Crainic et al. (2009)22 None
Forrester et al. (2014)23 Cessation of bowel function following surgery that lasts 3 days or longer
Hirayama et al. (2006)24 None
Kobayashi et al.
(2015)25
None
Lim et al. (2013)26 None
Matros et al. (2006)27 Transient cessation of luminal transit after laparotomy or laparoscopy because of
inhibition of intestinal motility
Quah et al. (2005)28 The delayed return of coordinated intestinal motility following abdominal surgery
Shum et al. (2016)29 None
Schuster et al. (2006)10 None
Topcu et al. (2016)30 None
Van den Heijkant et al.
(2015)31
A lack of passage of flatus or stool and intolerance to oral intake for at least 24 h on
day 5 postoperatively
Vergara-Fernandez et al.
(2016)32
Absence of adequate bowel function on postoperative day 5, or the need for the
insertion of a nasogastric tube because of abdominal distension, nausea and
emesis after having started a liquid diet, in the absence of mechanical obstruction
Yang et al. (2018)33 Two or more episodes of nausea/vomiting, inability to tolerate oral diet over 24 h,
absence of flatus over 24 h, distension and radiologic confirmation on or after
postoperative day 4 without prior resolution
Fig. 8 Funnel plot showing the assessment of publication bias
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reduction in time to passage of flatus and time to bowel move-
ment, and no significant difference in length of hospital stay
and complication rates.9, 39 Since we would not expect any
harm from chewing gum, it was not surprising to find no
significant association with complication rates, reaffirming
the safety of chewing gum use postoperatively.
Nonetheless, our findings diverge from other reviews with
regard to length of stay. A 2015 Cochrane review13 demon-
strated a significant reduction in time to first flatus, time to
bowel movement and length of hospital stay in patients who
had chewing gum compared to control groups, echoed by two
other reviews.8, 40 However, it should be noted that this review
included studies with paediatric patients, and patients under-
going gynaecological procedures, which might have affected
the results.
Health Policy Implications
Taking into account that POI is the most frequent complica-
tion after gastrointestinal surgery, any incremental benefit in
reducing the duration of symptoms is likely to be beneficial
overall. Chewing gum as an alternative to early enteral feeding
is proven to be a safe and effective intervention.
Administration of chewing gum on the first postoperative
day could prevent POI and the morbidity associated with de-
layed gut motility.
Conclusion
This meta-analysis of ten moderate to high quality RCTs
provides evidence of the benefit of using sham feeding
with chewing gum to reduce the incidence of POI in pa-
tients undergoing colorectal surgery. While the length of
hospital stay is unimproved, there is clear reduction in the
time to passage of flatus and time to defecation.
Recognising that POI has a multifactorial underlying
pathophysiology, chewing gum is unlikely to be the sole
answer to the complex problem of POI in patients under-
going colorectal surgery. However, given the low side-
effect profile, wide availability and patient acceptance of
postoperative chewing gum use in addition to its potential
benefit of reducing POI suggests it should be routinely
considered as part of existing ERAS protocols.
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Table 3 Summary of incidence of postoperative ileus, time to flatus and time to defecation across all studies
Study Postoperative ileus incidence (n) Time to flatus (days) Time to defecation (days)
Intervention Control Intervention Control Intervention Control
n (%) Total n (%) Total Mean ± SD Total Mean ± SD Total Mean ± SD Total Mean ± SD Total
Asao et al. (2002)12 – – – – – – – – – – – –
Atkinson et al. (2016)21 19 (10) 199 28 (14) 202 – – – – 2 ± 1.50 159 2.67 ± 2.25 151
Bonventre et al. (2014)16 – – – – – – – – – – – –
Crainic et al. (2009)22 – – – – – – – – – – – –
Forrester et al. (2014)23 – – – – 2.98 ± 3.16 13 3.42 ± 2.18 17 5.21 ± 4.62 9 3.06 ± 2.63 15
Hirayama et al. (2006)24 – – – – – – – – – – – –
Kobayashi et al. (2015)25 – – – – 2.21 ± 0.08 21 2.04 ± 1.08 22 3.92 ± 1.83 21 4.54 ± 1.46 22
Lim et al. (2013)26 – – – – 1.78 ± 0.16 77 2.12 ± 0.16 80 3.74 ± 0.25 77 4.11 ± 0.29 80
Matros et al. (2006)27 – – – – 2.63 ± 0.76 22 2.9 ± 0.92 21 3.5 ± 1.12 22 3.68 ± 1.29 21
Quah et al. (2005)28 – – – – 2.4 ± 1 19 2.7 ± 1 19 3.2 ± 1.5 19 3.9 ± 1.5 19
Shum et al. (2016)29 – – – – 1.57 ± 2.63 41 2.57 ± 4.39 41 1.46 ± 2.43 41 2.85 ± 4.58 41
Schuster et al. (2006)10 – – – – – – – – – – – –
Topcu et al. (2016)30 – – – – – – – – – – – –
Van den Heijkant et al. (2015)31 14 (27) 52 29 (48) 60 – – – – – – – –
Vergara-Fernandez et al. (2016)32 2 (6) 32 7 (22) 32 – – – – – – – –
Yang et al. (2018)33 3 (7) 43 11 (24) 46 1.76 ± 0.14 43 2.05 ± 0.06 46 2.75 ± 0.1 43 3.27 ± 0.07 46
– data not available
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